I. INTRODUCTION
The clamp-on ultrasonic flow meters are widely applied in both industrial and medical field since they have the unique characteristics [1] [2] [3] [4] [5] [6] : (1) With totally external transducers, the measurement has no effect on the fluid flow state; (2) With fast (ms) response to the velocity changes, they can realize the real-time online measurement; (3) They can be used for high viscosity fluids, non-conductive fluids and corrosive fluids, which cannot be measured by other flow meters. In 2005, the ultrasonic flow meter has captured 10% of total 9 
10
× USD annual sales [7] .
The clamp-on ultrasonic flow meters utilizing the transittime method are the most widely used non-invasive flow meters [8] . The principle of the clamp-on transit-time flow meter with "V-mode" installation is shown as Fig.1 . The transducers are mounted on the outside of the pipe. Ultrasonic signals are emitted by a transducer installed on one side of a pipe, reflected by the opposite pipe wall and received by a second transducer. These signals are emitted alternately in the flow direction and against it. The transceiver circuit is connected to the transducers to process the flow-measurement signals. The ultrasonic pulse travelling with the flow is faster than the one against the flow. The time difference between downstream and upstream is directly proportional to the flow velocity. The relationship is given in Eq.(1)
The terms T UP and T DOWN in Eq.(1) are the transit time in the upstream and downstream direction, C is the ultrasonic speed in the liquid, d is the internal diameter of the pipe, 2 θ is the refraction angle in the liquid. It can be seen from Eq.(1), the d and C are the known quantities, 2 θ can be calculated by Snell's law. So the flow rate is determined by the measuring the time difference between upstream and downstream ultrasonic signals. However, even at high flow velocities, the time difference is only a few nanoseconds, it is essential to void the small uncertainties in the measurement [9] [10] .
Over the years, most researches focus on the study of high precision timing module and the software time difference arithmetic to improve the accuracy and reliability of the ultrasonic flow meter. There is little published research on the parameters that affect the uncertainty of the transducer's output signal. However, without high quality of transducer generating and receiving ultrasonic signal, the time difference can't be measured accurately [11] . Different frequency of transducer is appropriate for different pipe diameter. Without proper incident angle, the ultrasonic signals cannot be received by the transducer. Also, the critical part of the clamp-on ultrasonic flow meter is to set the transducer at the correct separation distance. Although the accuracy of clamp-on transit-time ultrasonic flow meter claimed by the manufactures is ranging from ±1% to ±5% [3] , without precise installation, the accuracy cannot be guaranteed.
This paper focuses on the study of the three main parameters that affect the uncertainty, particularly focuses on the transducers' selection and installation. Due to the transducers cannot be selected correctly, this paper presents the relationship between the transducer's frequency and its measurable pipe diameter. Aiming at the clamp-on transittime flow meters, the spread process of the ultrasonic wave in the pipeline is analyzed, the transducer's incident angle and the separation distance are obtained by calculation and analysis. They are all the main parameters that affect the performance of the whole detecting system.
II. METHOD

A. Selection of the Transducer
The ultrasonic transducer is the "heart" of the flow meter. Its characteristics affect the stability and capability of the whole detecting system. Therefore, it is necessary to select the transducer reasonably. The transducer is selected according to the needed frequency. The ultrasonic frequency is selected by the propagation distance. When the ultrasonic wave propagates in the medium, the molecular absorption, viscosity and heat conduction will cause the acoustic attention. According to the principle of acoustics [10, 12] , the attenuation coefficient α :
The relationship between the ultrasonic propagation distance S and its sound intensity I S can be expressed as: Over here, ω is equal to 2 f π ,η is viscosity coefficient, 0 ρ is liquid density, c is ultrasonic velocity.
In the 20 cooling water, when its amplitude attenuates to I 0 /e , the ultrasonic propagation distance in the water S:
It is can be seen from the Eq.(4), the ultrasonic propagation distance is inversely proportional to the square of the frequency. For the pipe with small diameter, the high frequency is selected. For the large diameter, the low frequency is selected. The ultrasonic frequency is also selected according to the manufacturers support. The suppliers support different transducers for different range of pipe sizes [7] .The ultrasonic frequency range for the measurement of liquid flow is 0.2-8MHz [5] . 1MHz transducers appear to be the standard. They are applicable for the pipe size range of 20mm-3400mm. For the smaller pipe diameters, approximately 10mm to 100mm, the 2MHz transducers are recommended. If the pipe diameter is below 10mm, the 4MHz or 8MHz transducers should be selected. For the large pipe diameters, fluid with bubbles or particles or highly attenuative fluid media, the relatively low frequency transducer should be selected, such as 200KHz, 500KHz .etc.
B. The Incident Angle
For the clamp-on ultrasonic flow meter transducer, the emission ultrasonic is bent by both the wall and fluid interface. Shown as Fig.2 , at the first refractor, the ultrasonic longitudinal wave is transformed into two beams of wavelongitudinal and shear in the pipe wall. At the interface between pipe wall and fluid, the two kinds of waveform are converted into two beams of longitudinal wave in the fluid. angle S α is 60.57°. In order to prevent the longitudinal waves from entering the pipe wall and ensure that only one beam of ultrasonic is received by the transducer, the incident angle must be greater than the first critical angle and less than the second critical angle. So the range of incident angle is 25.38°~60.57°.
According to the analysis of the ultrasonic attenuation characteristic and its propagation process in the pipe, a pair of emitter-receiver ultrasonic transducers with central oscillation frequency 1MHz is chosen for the aluminium pipe of 20mm diameter. The transducer uses organic glass as acoustic conductance material and the incident angle is 45°.
C. Installation of the Transducers
The "V-mode" is the recommended installation method [5] . It is appropriate for measuring the diameter range of 15mm to 400mm. The set up and alignment of the transducers are easier than the "Z-mode" as they are on the same side of the pipe. The transducers' correct axis separation distance can be calculated by Snell's law. Comparing with W or more reflection, the "V-mode" calculation of separation distance is easier and more accurate. Fig.3 The installation of the transducers in "V-mode" configuration As shown in the Fig.3 , the separation distance L between the transducers is: 2 2 sin sin ( ) tan arcsin 2 tan arcsin
In the Eqs. (6) and (7), w C , p C and l C are the ultrasonic speed in the transducer, the pipe wall and the liquid. D and d are the inner and outer diameters of the pipe. p S is ultrasonic propagation distance through the pipe and l S ultrasonic propagation distance through the liquid.
In most papers, the transit-time method uses the ultrasonic which is reflected by opposite inner pipe shown as path 1 or path 2 to calculate the time difference of upstream and downstream and the corresponding separation distance L. However, the ultrasonic is also reflected by the outer wall shown as path 3. Practically, mispositioning of the transducer is unavoidable. If the separation distance is set to Lm, the ultrasonic reflected by inner and outer wall may be all received by the transducer. When the separation distance is set to Lp, the received ultrasonic is the signal reflected by the outer wall. The installation distance of the two transducers affects much on the received signal and the uncertainty of the received ultrasonic signal leads to inaccurate measurement of the time difference. It is critical to set the transducers at the correct axial separation distance L.
D. Transceiver Circuit
The structure of ultrasonic flow meter transceiver circuit is shown as Fig.4 . It is composed of power module, transmitting module and receiving module. The power module supplies ±12V and ±5V for the transmitting and receiving circuit. The transmitting module is mainly used to drive the transducer. Two trigger signals with 1ms internal time are generated by FPGA and then amplified to 12V by MOSFET drivers. So the two transducers can transmit ultrasonic alternately. The receiving module is composed of high-speed
Because the center frequency of ultrasonic transducer is 1MHz, the frequency of the driving signal should be 1MHz to ensure the transducer working in the best state. The system clock frequency of FPGA is 50MHz. The 1MHz trigger signal is obtained by frequency division. It will take some time for the transducer to get the best vibration state, if the number of the transmitted pulse is too little, the emission transducer can't send high quality ultrasonic wave and the received signal will be very week or even can't receive signal. On the contrary, the transmitted pulse number shouldn't be too much because it will cause the superposition of waveform. Experiments found that when send 8 pulses each time, the received signals become stable. So the FPGA sends 8 pulses to transducer each time. The receiving circuit uses high speed switch DG441 to control the corresponding transducer's signals pass through the receiving circuit. The outer diameter of the tested pipe is 20mm and wall thickness is 1mm. Firstly, the pair of the transducers are set at the correct separate distance 18.16mm which is accord to the value L calculated by the Eq.(6). Then we move one of the transducer along the axis direction to observe the change of the received waveform.
When the two transducers are set at the correct separate distance L(18.16mm), one beam of good ultrasonic waves could be received which is shown as Fig.5 . It can be seen from Fig.5 (a) , the 8 driving pulses' amplitude is 12V which is consistent with the MOSFET driver's output. The original receiving signals' amplitude is only dozens of millivolts and mixed with a lot of noises. After amplification and filtering, the first amplitude of received signal shown as Fig.5 (b) reaches 0.5V and the noise signal is also significantly reduced. By adjusting the reference voltage of the comparison circuit, the first received signal is detected. After comparing, the signals' amplitude is 5V. They are the high quality signals we want to get. Then the signals can be processed by the time difference measurement unit. When the separate distance is set to Lm(21mm), the received echo waveforms shown as Fig.6 , there were two beam of waveforms on the received signal in one trigger cycle. It is because that the ultrasonic signal was reflected by both the inner pipe wall and outer wall shown as the ultrasonic path 2 and path 3 in Fig.3 . Because the two beams of reflected waves' space was too small, they were all received by the transducer. So the first wave is the echo wave reflected by inner pipe wall and the second wave is the echo wave reflected by the outer wall. When continued to increase the transducers' separate distance along the axis, the first signals' amplitude decreased and the second signals' amplitude increased. When the separate distance is increased to Lp (24mm), the first beam of wave is disappeared. In this case, the one beam of received wave is the waveform reflected by outer pipe wall. However, in the software algorithm, what we calculated is the time from ultrasonic emission to receiving the first ultrasonic signal which is reflected by the inner pipe wall. So the second beam of wave will bring much error in the measuring time difference.
IV. CONCLUSION
This work studies the three main factors that affect the output signal of clamp-on transit-time ultrasonic flow meter: transducer's selection, the incident angle and the installation distance of the two transducers. (1) The 1MHz transducers can be selected for the pipe size of 20-3400mm, the 2MHz transducers are recommended for the pipe size of 10mm to 100mm and for the pipe diameter below 10mm, the 4MHz or 8MHz transducers should be selected. (2) To ensure that only one beam of ultrasonic is received by the transducer, the incident angle should be 25.38°~60.57°. (3) A pair of 1MHz transducers are tested on the aluminium pipe of which outer diameter is 20mm and wall thickness is 1mm. The incident angle is 45 The results show that one beam of good ultrasonic signals can be received when the two transducers are set at the accurate calculation separate distance L with the "V-mode" method. When the axial installation error reaches more than 3mm, the one beam of ultrasonic signal cannot be guaranteed. So extreme care must be taken in the mounting and positioning of the transducers.
